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1/KCl ratlo s varieq vis qive the gradiee ~d Drimwag enect. 106 ¢ 106 wo. 1oy 10 wer G or)

detonators consist of v basc charze of ¢ aressiur each of 0.55 ¢ were §.4-7 : Wy,
d : e ’ -0 4 A4-7.1, -9, 19.2-10.8. 3 2
~ & mixt. of I with 0- %89, KCIi, presses ton d. of 1.00, vntop . 66, N TA, and Gl')(‘ 1, resp. ‘:&fﬁlkﬂmﬁf

0.1 g. pure I, and then 0.55 x. Hg'¢}CN), as primer. PbN, charge length and diain, an
Y also be used as primer. The Jimeusions of the detonator -* and the ll\\g:iz(-ml uu,: :I ‘tlh(:- charge on the detdy
, the loading pressure, and other actors as kept to close  Although the tranznuadon distesces from fuse to 5
to ensure consistent results. These detonators give  the same order of murnitude in both air and way
ter accuracy than previously known types.  For testin plosive, the distance lor N 7A is much less the ?
com. explosives, it is sufficient to use suitable sngls arades compds, It is recoinmended that the fuse be pi
suitable s as fallows: I/KCl _ with the charge in actwal practice. The result: §
3
%

» the angle made by 7y

i, ST

> '» » . ) > wm wﬁ“u mm. testing are not walid f ized .
16/84, and 13/88. For precision work, such as research into  evidence that, when pr?-'.rf r;:‘:l:czeed osnys'the(:n wi
factors affecting detonation properties, the reference detonators  is initiated and subscquently arrested by a cc

must be very made. This may involve weighing all nomenon. An amalogous situation is encousnt -
the charges on a precision balance and the wse of & press-  when one charge, placed too close to a sscond, g
ing mold with ‘sccurately stopping pleccs to make b second by exploding before it. :
small amts. of detonators, ° : { Schofield Ha and testing uastable materials. F
Comparison of diffecent Naﬁ:ﬂc:l regardiag imitiating  J. A. Ford (Thiokol Chem. Corp,, Brigham City, i
test fuse. ? og). Salcty in

in e of & uni Erust Haeuse- ng. Prog. 62(3), 98-104(1968)
Inst. Chem. Tech. Untersuch., Bomn, Ger.). ﬁslm bandling of bydrazini

l%l)(kng-ugm)(cu). Fifteen blasting capsand fuses  friction
. Kg

of um diperchlorate wus testec §

, electrostatic, heat stability, and detona® 3
% (I) or & I-KCIO;s mixt., some po. 8 blasting — Interstate Commerce Commission classificatio: :f

fuses, & no. 9 blasting cap, and Nitropenta or Hexogen  using detonationl shock tests, fire sensitivity, iy
] were tested for their initiating efficiency on & Pb plate ity tests. Long-term storage, water deluge, « -,
. tidek, aguinst TNT-tale cakes (contg. 5607 tests were also made. The tests described ar )
ou & Kast app., and in & Trausl Pb block in compari- most raterials with high energy contents. C. 2
mixt., NH,C10, (1), and pieric acid ¢ _ Explosion hazards of ammonium nitrate unde i

tests against a TNT-talc mix(. are ° R, W, Van Dolah, C. M. Mason, F. J. P. Per.
oa a iead plate gave different values; and D. R. Forshey (U.S. Bur. of Mines, P :

the casing material (Cu, Al) was observed. Tests U.S., Bur, Mines, Repi. Invest, No. 6773, v

tg. I against the TNT-talc mixt. gave much  The conditions under which NHNO, (I) may «x |

es than other no. 8 blasting caps, but the Pb plate test  jected to intense fire exposure have never been d |

gve comparable results. The efficiency.of the Nitropenta or — trinsic sensitivity of I and I systems was stud;
exogen fuses ( were most effective of all blasting caps’ techniques.. Fertilizer-grade I was detonated,

:

LT
BE:

£
1
g
2
w

2
E
£t

B

k]
11
X85
§%g
o

tested) increased with the weight apd d. of the charge. Themax. temps. very large charges and strong explosive ¢
values of the Pb-block test against I, were found forno. 8blasting  used to achieve detonation. The crit. diam. f .
caps with Al casings; high values were also found for all powerful gt elevated temps., implying an increase in ~c |
fuses. The testing against very-sensitive ITI gavea much lower  coated with 3% clay wete less sensitive than |
difference in values. ‘The contribution of the blasting cap to the d partingagent.  HyO in small amts. increased the
Pb-block value of a blasting agent was detd. by a Pb-block test  of I-fuei oll mixts. (II). In simulated frie-f!
of a po. 8 blasting cap alone in an inert medium gNaCl or Hi0).  trunsitions to detonation in I systems were note
A new test fuse is proposed; it contains 0.3 g. Pb(Na)s (compact- up to 10,000 psig. An inverted vented vessc:
ing pressure 380 kg./cm.!), Nitropenta 0.2 g. (pressed), and  used to overcome the exptl. limitations of the i
Nitropenta C.4 g. (compacting pressure 380 kg./cm.?) in a Cu__and to develop more rigorous burning conditi: }
casing and has a O balance of —0.07 g. Jirina Seitlova to detonation were obtained with I intimately
Introduction of AN~FO [ammonium nitrate-fuel oil} explosiveat oil, polyethylene, or paper. Hot I was dutc;
the Gonxzen iron ors mine, Sargans. R.Amberg. Z. Ersbergbau  velocity bullet impact, and II were sensitive to i *
Mesglihuetlenw. 19(4), 169-72( 1966)(6«). The explosive was ments from another I charge severa! diams. aw :
tested by measuring the detonation velocity and comparing with :
conventional explosives under similar conditions. The AN-FO ¢  Stabiliting acetylene with cyclopentadiene.
exyasive, used in cartridge form, improved output and reduced 8. M, Kogarko, 1. I, Strizhevskii, A. F. Plate, -
costs. ‘ H. Stoertz nishnikova, Neftekhimiya 6(1), 101—4(1966 ¢
AN-FO [aemmonium npitrate-fuel oil] in German ore mining. 62, 7578. CyHy nixts. proposed for utilizatior !
Helmut Ec t. Z. Ersbergbau Metallhuetienw. 19(4), 163-86  of bicyclo[2.2.1]hepta-2,5-diene (I) by conde:
(1968)(Ger). Nitroglycerin-free explosives consisting of NHe-  with cyclopuntadiene (II) were examd. for their!
NO; and C compds. are described. Details of their application — considering the optimum conditions for the syn.
in mining are given, with special attention to 3 mines in West  340° and 6-13 atm. with the reaction temp. det
Germany (Maubacher Bleiberg, Buelten Adenstedt, Wahlver- creasing pressure anl the yields of I being prac;
wahrt-Nammen). The explosives are not water resistant and ent of the changus in the CiHa: X ratio froh 2.1
therefore cannot be used in HyO-filled drill holes, The spacing placement of N by other diluents. The expts. !
of bore holes, the compn. of fumes, and the purling capacity of jins spherical 120-mm. reactor by burning a *;
the explosives are discussed. Loading techniques are descri center by & condenser discharge. The amts. ot
. : or isopentane (III) in the mixts, were 40-5, 20
¢ safety container. Martin F. Zimmer and Leo K. fresp. Data for the explosive limits in mixts, |
Assoka (U.S. Naval Propellant Plant, Indian Head, Md.). I, CiHy, or II are tabulated for 300° and § :
Explosivstoffe '11(11), 237-42(1083)(Eng). Medium-d. poly- §and 4.2-10.3 atm., 300° and 3.6~15.2 atm,, a
ethylene cylinders with explosive stored in a central cylindrical J2.0~7.5 atm., resp. The stabilizing action of :
cavity are suitable, for low-order explosions, as safety containers. [ creased in the series N, @I, CiHy, and III. 1.,
Other materials, Al alloy, polyurethan, nylon, Lucite, cross- J structures, II had a lower stabilizing effect th"
linked polystyrene, poly(vinyl chloride), Teflon, and polypropyl- J double bond. Since I is used in the synthesis, :
ene were unsatisfactory or minimally acceptable. Polyurethan § tion mixt. with N is said to be useless. Theexy:!
cylinders, even-when reinforred” with an' external sleeve of Al, Jf binary CsHs 1:1 mixt. at 300° was 6.7 atm. .
stainless steel, or 3 layers of Dacron fishing line, were not as @ CiHy must be decreascd at higher pressures ;¢
sturdy as ethylene. The low-order explosion of S500 g. § rate of pressure increase and the max. pressu
nitrogly confined, without fragmentation, by a poly- ff both decreased on dilg. CsHy with the stabilize -
cthylene cylinder of 31.2 cm, diam., 28 cm. long (estd.) in a Finorine finorosulfate (SO,F,;) may be explo |
cavity 5.08 cm. diam., 16.5 cm, deep; a 15-g. charge is similarly@ll Cady (Univ. of Washington, Senme{. Chem, *
confined by a cylinder of 10 cm. diam., 12 cm. long {(estd.) in al 40(1968)(Eng). In th: prepu. of peroxydisu! |
cavity of 1.356 cm. diam. and 7.0 cm, deep. ay A. Youn sulfury] fluoride (SO.Fy), an rhaps other can
L 2 These by-products were distd. into a cold, ¢l
alr and in water. M, Giltaire and J. Cocu, E:‘fm‘: 18(3), strong enough to storc gas at 1353 atm. (The
77-86(1965)(Fr). Results of a study are preserced which show  SOFy is ~10 atm,). On warming to room te
the relation between the frequency of detonation initiation in &  exploded, suggesting thut a chem, cxplosica
rdmed charge and the transmission distance from the detonating A than a simple expanslon. SO4F; decamp. 2>+
use to the explosive. Four coated, rowd explosive compds. cxploaion is known,
were investigated, two of which were dynamites Jdesignated GC wid hydrogen tank lnsulation for the S-It ..
16 and GDC 1, resp., and 2 nitrates, N68and N7A., Thetranss Hammond, Jr. (N. American Aviation, Inc.,
mission distance in each case was defined as that distance which  Chem. Enug. Progr., Symp. Ser. 62(81), 21
produced a frequency of misfiring of approx. 50%. These dis- The insulation for the S-I1 booster ia construc "
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1. Abstract

‘Polyethylene containers that safely hold compa-
ratively Iarge loads of explosive materials have been
cdeveloped and investigated. At first developmental
studies were made with polyurethane containers.
The effects of material preperties, shape and size of
both inner tubes and containess, and the shock at-
tenuation of the container material were investiga-
173, Various materials were evaluated as possible
candidates for fabricating the containers. and poly-
cthyiene was found to be most suitable. Two diffe-
rent sizes «f containers were developed. A _10-cm-
diameter container can easily withstand the éxpio-
sion of 15-g of nitroglycerin, and a 32-cin-diameter
centainer, 590-g. The smaller contairer weighs 0.775
kilogram and is easily handled in one hand; the
larger contamer weighs less than 22 kilograms and
1s easily portable with carrving kandles or in a cart.

2. Introduction

The Dupont de Nemours Company has developed
polyurethane “tote barricades* to protect personnel
hand-carrying sensitive material from the effects of
an accidental explosion. These barricades withstood
the explusion of 2-g nitroglycerin only. Inspired by
Dupont, this study was initiated at NPP to deyelop
an explosive safety container able to withstand the
c¢xplosion of higher loads of nitroglycerin than 2-g
and to investigate the behavior of the contamner
during an explosion. To be explosion-safe, the sample
carrier was required to withstand a minimum load
of 5-g explosive material. As an additional safety
factor, the sample carrier (Figure 1) was to be fabri-

Figure 1
H'wiyus thene Safcty Container of 8.1 cm Diameter with Inserted
Polyethylene Vial of 1.25 em Diameter.,

FXPLOSIVSTOFFE Nr.11/19¢3
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Figure 2
Trace of a shock wave transmitted trough a polyurethane safety
container by e explosion of 5—g nitroglycerin and an electric
squib S—67 (DuFont) as a detonator. Writing speed: 0.6384/us2cC.
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Figure3

Figure 3a

tainer. Framing rate: 240000 PPS. Interframe Time. 4.2 usec.
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Figure 3b

Explosion of 2—g nitroglycerin in a polyurethane safet, con- Explosion of 5~-g nitroglycerin in a polyurethanc safety

tainer. Framing rate: 62,500 PPS. Interframe time* 16 ;v
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cated from a matenal which would furm harmless
f.agmen?s upun bLreak-up from a maximum load
detonation. In wiker aords, the matenal had to be
ene which would not furm fragments ot one which
would furm fragnents which would b harmles: to
personnel.

. Initially. an exploratory study with polyurcikane
containers (NPP formulation) was made, as pulyur-
ethane meels moust of the prerequisites fur a good
safety container and i1s transparent so nat the
effev » of explosion can be observed throughuu: the
structure. Vas1ous other materials were investigated
for possible use for containers.

Safety aspacts of the centainers with regard 1« the
pressure on: the user’s hand during an explosion of a
~detonain-sensitive material will be reported later.

3. Expetimental Methods

During ttus investigation a high speed framing
camera and a high speed strezk camera were used.
The framing cantera takes 25 pictures of events at
rates up to 1.2x10¢ frames/second and the sireak
camera records detonation velocities with a writing
speed up o 4.463 mmipsec. A sypical trace is shown
in Figure 2. In order to trace the passage of 2 shock
wave in an inert transparent materiat like polyur-
ethane, an expluding wire in a capillary tube is used
as_back light 1. 2. 3].

The containas. 8.1 cm in diameler and 85 cm
high. are filled with various loads of nitroglycerin
During this ir.:estigation, nitroglycerin was em-
ploved as the standard explosive to determine maxi-
mum safe locad for alle sample carriers studied.
Since 1t was assumed that any accidental detonation
would be imtiated by a relatively small quantity of
energy 1n form of shock, electrastatic energy, local
heating etfect- vtc. an S-67 Dupont squib or a 70 mg
cyanuric triaz.d- tmuiator jolted with 12.5 joules of
current was ustd fo explode the mitroglycerin. The
resulting explostm phenomena of the nitroglycerin
and the effects on the container ar— recorded with
the cameras.

4. Results
4.1 Expioratory Investigation

Polyurethane explosive containers were fabrica-
ted with. 40° ¢ Toluene Diisocyanate (80 20-2,4/2,6)
and 60° o castor oil. The polyurethanemixture was
poured into an appropriaie mould and then a vial
etther of glass or plastic was immersed in the po-
lyurethane which was cured for several hours at
80" C. Figure 1 shows an example of a safety con-
tainer. The sample carriers were filled with 1—5-g
nitroglycerin, and each one was set off while high
speed framing sequence photographs of each shot
were made. These photographs and the coutainers
were then examined and the following observations
were made. As expected, the * detonation® of nitro-
glycerin was of low order The low-order reaction
will henceforth be termed an *explosion™ rother than
“detonation”. During the explosion there were two
destructive forces acting on the container. They
were: The shock wave and the outward pressure

EXPLOSIVSTOFFE Nr 11 1363

exerted by the hot gasses ftom the nitroglveerin
explusiors The centainer began to bulge within a
few mucnusicunds after the instiation of the explo-
s1on of the mtzoglhcenn, wad fractuze hnes started
to form svon thercafter. Is. Figurs 3a and 3b are
selected framing sequences Jor a2 2-g and a 5-g load
of nitrogiveenin

The cha.acterrstc Lehavior of a polymer with
mcreas:ng strain rates .s anzlogous to its behavior
with dvcisasing temperature conditions. The po-
Jvurethane 1 expased to strain rates of 25x10¢
m mn therefure the percert elongation of poly-
urcthane must be vers sma) and the tensile
strength relatively high.

Table I
Tensile Strength at 22 inches/minute Crosshead Rate
Polyurethane Polvethylene
Test Tensits Eon- Tensile Elon-
Tempes  Strenfth sadon Strength gation
rature PSI %) 3 D) n
25 C 203 126 2040 592
¢ C 800 280 1840 580
25 £ 3522 236 — —_
—58 C 7133 123 —_ —-—

1} Tensils Strength is based on orizinal specimen area.
25 Eiongalon s calculated Lxing an effiecting length of 1.3 in.
with ASTM D 412517 DIE C.

Table I gives the tensile strengths and percent
elongation for polyurethane and polyedivlene for
2C in. mun crusshead rate at vangus temperatures.

The container clongates glong the circumference
as the hot detonation gases expand. The inner cir-
cumference or wall of the container elongates at a
much lugher rate for a given radial expansion of the
inner hole than for the zone farther {ro:n the center
peripherv. Thercfore, the polyurethane starts to
{racture {rom the inner wall when maximum elon-
gation of the material is reached. In Figure 4 are
sample containers after nityoglycerin has been ex-
ploded 1in them. The maximum nitroglycerin load
fim1* {or this polyurethane container is 3.5-g.

Figure 4
Polyurcthane sxiety container after tesiing with varying loads
of nitroglycerin
Approximately $9 mg cyanuric tria-
zlde and an exploding wire (33 V,
3+F) were used as detonators,

1 —g nitroglyceri»
1.5—g nitrogtyceeit.
2 —g nitroglycerin
4 —g nitroglycerin
§ —~—g nitroglycerin
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42 S¢reng hening the Polyurethane
s“onts ner

Af r this yrehminary study, the basic container
was —:odified in several ways and tested with 5-g
nitr lvcenn. The total strength of the container
can »e increased by wrapping it with a strong cord
or a1re, or by encasing it with a strong metal tube.
The dacron-wrapped container withstcod a maxi-
mum load of 8-g of nitroglycerin. In Figure 5 are
pitures of these containers and also one of an alu-
miniumencased polyurethane container after ex-
i+osive testing. The reinforcements were removed in
-srder to take pictures of the containers.

Figure 5
Pojyurcthane vontainer with vartous reinforcenients
¥ 2 arers of dacron fishing cord 130 Pound test, after the ex-
piusion of 5—¢ nitroglycerin.
2 Alumintum outer walls (1.25 cm thickn2ss), after the ex-
plosicn of S—g nitroglycerxin.
3: Aluminfum (1075—T—§) container after the explosion of

10--g nitroglycerin,

outer wall
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Poly urethane container strengthened with 3 layers of
120 1’d-test dacron lne

Pl urethane container strenythened with one layer

e Polyurethane container in Al-7075 T-6 casing
a
nichromwire 101 Pd.-test

Fig. 6
Fractuies of Explosive Safety Containes caused
by Exploding Nitroglycerin

240

'oly urethane contalner without strengthening material

Figure 6 shows a plot of radial fracture hne length
versus nitroglycerin load. The basic unstrengthencd
‘container can safely withstand the explosion of only
3-g mitroglycenn 1n view of the fact that the frac-
ture hnes reach the outer wall of a $-g mtrogivcerin-
tested container. Figure & also shows the increased
Ioad capacity for strenghened containers.

Various containers were fabrical=d with alumi-
num znd stainless steel outer walls ani tested with
5- and 10-g loads of nitroglycerin. Aluminum (7075
T-6) container with walls of 1.25 cm thickness was
able to withstand the explosion of 9.5-g of niirc-
glycerin with no change in dimensions. Stainless
steel containers with walls 1.8 mm thick were able
to withstand the explosion of 5-g loads, but the steel
casings were deformed to some extent.

To increase the tensile strength of the material.
various amonts of glass wool, fiber glass fabric, and
nvlon fabric were added in a spiral pattern around
the central tube. The tests showed that the increases
in stzength were not great enough to warrant
further investigation along this line.

To interrupt the propagation of the shock wave
and the fracture lines through the polyurethan~
matenal, the following containers were fabricated
Strips of polyureithane 8 cm wide and 0.15 cm thick
were wound around a 1.25 ¢m vial until an 8 cm
diameter was formed. Glass and polyethylene bea-
kers and tubes were positioned concentrically around
the central tube.

In all probability the poor bund between the poly-
urethane layers in the first case and between the
polycthylene and polyurethane or glass and poly-
urethane in the second case weakened the structure
of the containers, as they did not withstand the ex-
plosion of 5-g of nitroglycerin. However. there were
indications that the polyethylene interfaces preven-
ted propagation of fractures. more than glass did.

Air bubbles are good shock attenuators. (For
example, in underwater explosions the measuring
equipment is protected by surrounding it with a
veil of air bubbles., {4] A large part of {ne shock
energy is absorbed by the air bubbles.) Therefore
foamed polyurethane was used to fabricate contai-
ners. The structure was weakened to such an extent
by these modifications to the containers that no in-
crease in the load capacity was observed.

43 Effect of Tube Material, Size, and
Shape on Over-all Container
Strength

Besides glass tubes, polyethylene of medium den-
sity and polypropylene of high den%ity were used
as vials for the containers. There was cousiderably
less fracture formation in the polyethylene tube
container when fired with nitroglycerin than mn
either the polypropylene or the glass.

The effect of the explosion velocity on the inve-
stigated safety container can be compared to the
influence o1 the detonation velocity on the Trauzl-
Block. Since high pressures in the detonation front
correspond to high detonation velocities, the deto-
nation velocity must be taken into account. Theat
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" ala Us Pressules ate caused by 1ne pr o« of the
reaC? on in the delenatoom zone. At rigk dv 'onation

cdocitics muest of the chv mical react.on ~curs with-
in the detonatirn zone This ovme- - ey hughk
pressutes of vory short duratior: A* «© detonation
welocnty oniv a part of the cemnlea action takes
‘place v ithin the detonation zone, a1 re alss s a
hemicid re action behind the detonation tront caus-
g 4 baner pressure which acts sswer a Longer period
of -

Nty gaveer 0L as with many other » xplosives, has
1 low und 4 high vrder detonation L elscity Charge
B » and tength, chencs” enaractenistic . phv-
Acs) St and condittn of © . wplbweree and the
emont.” - Y detonator determ © 5 detonation v bo-
citien 1 e ndreglyeenn, S Vo Lastigats s 13 %)
Bave stud e ! the paramee -3 2 detoliaton of
ntrag. ez and beve ostatninhed the bigh order
TR 11, sy and the 1w arder (2200 mo~y deto-
nation selocies Hesmever 7rere wan. o he attie
Iterawure {50 avatlable on  aphos. eloc e for
~mall /e tenators and smal? diaie-tor dharges.

The reactor process for expiosions witih small
detonat: £ ~eo e 1 e an o ansteady one. The imtial
explusiom Loy s et sustatred continuously The
wptroglveery svact w0 <p s down the tength of
tne tuds as the + & frent passes Since the deto-
aaliene 1o ols % e naent upon the mmer dia-

petey o7 - ~*-ning the charge it was con-
Sdered ea 'L the tase of the smalf (8 or 10 em
drametegy ~ 5 U sainer 1o keep “he tube diamcter
below the - ¢ Jdiameter” for mtroglyeerin mi-
uated b <>’ onators. This “eritical diameter”
was meast cod 125 mm. At this diameter, the
“exploswer  co b et (385 msec and Jower for
smailer damets - rises sharpiy and passes mnto a
steady ~. a tonatian of high arder with mereas-
mg diam- - 1« anvestigate this phenomensn mea-
surements on U transifion of deflagration to deto-
nution of L.t 'veerin have been imtiated.

On the otre band. the 1atio of the diameter of the
tube e the jenosh of the chaige should be kept as
aagh s pesaible a0 that a steady-plane detonation
s ave cannot build up as easiy as it would if the
<harge longth were high in companson to its dia-
it The prssibility was considered that chenging
tue shape of the vial might enable the contamer to
s athstand the explosion of hipher loads of nitio-
cIveerin, erther by inclosing the blost or, by its
~hape. directing most of the blast effect upwards.
for « A-g load of nitroglycerin, no observable ad-

aitage 1 any specific shape was found Sicc the
««Iindr.cal tube was the eastest to fabricatc uhi
turther containers had tubes of this shape

44 Eftectof Container Materialand Si1z
on Niti1ogiveerin Load Capacity

Tablc Il lists the various contamner matenalsw hich
ware tned Contamners 10 cm in diameter were fa-
br.eated with 125 mm I D). holes and wese fired
vith 3-g of nitroglyeerin, The aluminum and the
n cdium-densits polyethylene wete the v con-
tanets that winnstood the explosions The sluminum
container alae wthstoud the explosion 10- . mitro-
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- . Table II
Materials asd Dimensiens of Tested Confaiaers
Tiameier Diarmtiz- Longth Load
N eriad W Contaner of H .2 W HGe NG
el ure g Eim . i T N

P lyuretn e
e thened

LD erenline 23icm 135 an 335 « ) Sg
P etyurethane with
<ol inraving s8ian  125em 30cm ity TR

I Iyurethane wath

Alummumancasing 75cm 125cem 5 em (-) 10

Polyethylene 19 can 1.5em B3wm -1 3g
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relrogiveenn.

--* hid not withstand.

glycenn with very little change in either the inner
or outer diameter (sve Figure 5).

The polyethyl>ne container withstood the explo-
siun of 10-g of mtroglycerin with very little outside
defurmation. However, there was some change in
both mner and outer diameter with a 15-g load of
ritroglycerin {see Figare 7). The contaner sustain-

Figure 7

Palvethylene v ta ner tested with varying loads of nitroglycerin

1° > -g nitroglycerin < squib A37

2 10 - aitroglycerin — squib AS7

3 15-g nitroglycerin *+ squiv A67
The creles on contaners 1 and 2 show the original zizes of the
«ie bofare testing For container 3, the original stze Is drawn
1 “he paper beside the tested contalner. To sece tetter the

bulging of the hoie, this contatner was bisected.

241

[T -




ed the detonation very well, and no f{racture lines
could be seen. It 1s evident that the expansion of the
container hole during the explosion increases down-
wards. This 1s because the pressure acts for a longer
period of time on the end of the charge than on the
top of the container, where the explosion gases can
escape faster. A. Had and H. Koenen {8] fournid that
there was considerably less expansion of the con-
tainer hole in using high density explosive in the
Trauzl-Block than low density explosive. In testing
the containers, therefore, it should be taken into
consideration that thebulging of the container would
be influenced by the density of the explosive as well
as the amount.

Polyethylene contatners 32 ¢m in diameter were
tested at 100 and 250-g of nitroglycerin with very
hittle outside deformation (some inner deformation).
At 5G0-g nitroglycenin load, the container deformed
to some extent (see Figure 8). The container su-
stained the deformation well.

Figure s
Polycthylene safety containers after the explosion of 100—g.
250—g, and 500—g of nitroglycerin.
The circles on top of each container indicate the original sizes
of the holes (compare also Table 1I).

Figure 9
Polyethylene safety contawner, 10 cm in diameter, after detona-
tlon (high order) of 10—g nitroglvcerin *+ J~2 detonator (i—g
pentolite — left) and 5—-¢ nitroglycerin + J=-2 detonator (right).

Polyethylene is a good material for explosive
safety containers. 1t has the mechanical properties
which suit the containment of an explosion. It has a
high percent of elongation (up to 600%0) before
breaking and a relatively high tensile strength. It
has very good cold flow properties and deforms
rather than fracture even at high strain rates.
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Polyethylene has an arrangement of threadhike
molecular carboun chamns which is iniermediate be-
tween those of the two conventional types; one the
completely ordered or crystalline arrangement, ani
the other a purely random or amorphous one. With
these two arrangements, the polymer is both toug®
(due to its erystalline qualities) and deformable (du.
to its amorphous arrangement). Ordinary polveth:
lene has a high degree of crystallinity (around
60—70%) as it has been estimated from x-ra
studies {8).

Dunng most of this study, the nitroglycerin .-
initiated to a “low order explosion“ by a DuPon?
S-67 squib, jolted to detonation by passing 12.5 jou-
les of electricity through it. These explosions woul-
thus correspond to accidental explosions, as men-
tioned above, since any accidental explosion would
be activated by a relatively small quantity of energy

It is of interest, however, to determine how the
container withstood a high order detonation. Figure 4
shows the 10 cm diameter polyethylene explosive
sample container after detonating 5 and 10-g of
nitroglycerin to high order by a Hercules J-2 blast-
ing cap (12.5 jouies). The J-2 blasting cap has a 1-g
pentolite load. The container withstood, essentiallx
the detonation of a 6-g load {5-g NG + 1-g expio-
sive 1n blasting cap), with some deformation. Th-
10-g mtroglycerin loaded container (+ J-2 blasting
cap) ruptured along the weaker side.

5. Conclusions and Future Work:

It was found that medium density polyethylene is
an ideal material to use to fabricate explosive safefy
containers. A container 10 cm in diameter can easily
withstand the explosion of 15-g nitroglycerin and
a 32 cm diameter container, 500-g of nitroglycerin.
tf small detonators are used®). The handcarried
10 em diameter container deforms slightly with the
explosion of 15-g of nitroglycerin. The “critical”
diameter fo: low order nitroglycerin explosions
initiated by S-67 DuPont squibs was found to be
12.5 mm.

Some pressure measurements on the containe:
walls during the explosion will be made in order t»
obtain some information on the pressure shock
acting on the user’s hand.

To protect personnel synthesizing hazardous ma-
terial the equipment needed for synthesis will br
coated with polyethylene.
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